Neutron Transmission through Sapphire Crystals: Experiments and Simulations by Rantsiou, Emmanouela et al.
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
General rights 
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright owners 
and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights. 
 
• Users may download and print one copy of any publication from the public portal for the purpose of private study or research. 
• You may not further distribute the material or use it for any profit-making activity or commercial gain 
• You may freely distribute the URL identifying the publication in the public portal  
 
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately 
and investigate your claim. 
   
 
Downloaded from orbit.dtu.dk on: Dec 20, 2017
Neutron Transmission through Sapphire Crystals
 Experiments and Simulations
Rantsiou, Emmanouela; Filges, Uwe; Panzner, Tobias; Klinkby, Esben Bryndt
Publication date:
2013
Document Version
Publisher's PDF, also known as Version of record
Link back to DTU Orbit
Citation (APA):
Rantsiou, E., Filges, U., Panzner, T., & Klinkby, E. B. (2013). Neutron Transmission through Sapphire Crystals:
Experiments and Simulations [Sound/Visual production (digital)]. International Workshop on Neutron Optics and
Detectors , Ismaning, Germany, 02/07/2013
Emmanouela Rantsiou1, Uwe Filges1, Tobias Panzner1,  
 & Esben Klinkby2 
Neutron Transmission through Sapphire Crystals:
Experiments and Simulations
1 Paul Sherrer Institute, 5232 Villigen PSI, Switzerland
2 DTU, Lyngby, Copenhagen, Denmark
Experiments
Our experiments were performed at the BOA testing beamline at PSI (Figs. 1-3). In 
total, 12 crystals were used, all with same dimensions of 26mm×26mm×10mm, and 
with the 10mm edge parallel to the beam direction. The crystals were obtained by 
three different commercial providers (four crystals from each provider). We have 
measured the dependence of both fast (>~0.1eV) and cold (~1-10Å) neutron 
transmission to the crystals’ thickness, and also we have tested for potential 
performance differences, due to e.g. inherent impurities (quality check), among the 
three types of sapphire crystals from our three suppliers. 
--Figs. 4-6 show our results for fast neutron transmission through sapphire 
crystals of varying thickness: after 120mm-thick crystal, the integral intensity is 
reduced by a factor of ~6 (i.e ~17% of fast neutrons go through;  Fig 5), while the 
peak intensity is reduced by factor ~13 (or ~7% transmission; Fig. 6)
--Fig. 7 show our results for cold neutron transmission through sapphire crystals of 
various thicknesses for wavelengths between 0.7-10Å:  the minimum transmission 
for a 120mm sapphire crystal is around ~30%. This goes up to ~50% when 
considering wavelengths between 1.5-6Å.
Figure 4: Horizontal measurements 
(scan) of fast neutron transmission 
through the sapphire crystal and its 
surrounding shielding (seen in Fig. 1), 
as a measurement of the shielding 
efficiency around the sapphire target. 
Various lines correspond to different 
crystal thickness between 10-120mm 
(the black line is our measurement 
without crystals).
Introduction
Sapphire crystals are excellent filters of fast neutrons, while at the same time exhibit moderate to very little absorption at smaller 
energies. We have performed an extensive series of measurements in order to quantify the above effect. Alongside our experiments, we 
have performed a series of simulations, in order to reproduce the transmission of cold neutrons through sapphire crystals. Those 
simulations were part of the effort of validating and improving the newly developed interface between the Monte-Carlo neutron transport 
code MCNP and the Monte Carlo ray-tracing code McStas.
F i g u r e 2 : E n e r g y 
d i s t r i b u t i o n o f f a s t 
neutron fluence at BOA
Figure 3: Cross sections of 
113Cd (BOA’s experimental 
shutter) and 3He (neutron 
detector). For the fast neutron 
m e a s u r e m e n t s , o u r 
experimental set-up was 
securely shielding against 
neutrons lower than ~0.1  eV, 
while allowing for energies 
0.1<E<104eV  
Figure 1: Experimental set 
up: crystals in place with 
shielding and 3He detector
Figure 5: Integral intensity  (and its 
reduction factor) of fast neutrons 
transmitted through sapphires , as a 
function of the crystals’ thickness. 
The in t eg ra l in t ens i t y o f the 
transmitted fast neutrons dropped to 
~17% after a 120mm-thick crystal 
(reduction factor of ~6).
Figure 6: Peak intensity  (and its 
reduction factor) of fast neutrons 
transmitted through sapphires , as a 
function of the crystals’ thickness. The 
peak intensity of the transmitted fast 
neutrons dropped to ~7.5% after a 
120mm-thick crystal (reduction factor of 
~13).
Figure 7: Cold neutron transmission as 
a function of wavelength. Different lines 
correspond to d i f f erent crysta l 
thickness between 10mm (upper red) 
and 120mm (lower purple). We notice 
that neutrons between 2-6Å have a 
minimum transmission of ~50% when 
going through a 120mm-thick sapphire 
crystal.
Simulations
We used the codes MCNP and McStas to simulate the transmission of 
cold neutrons through sapphire crystals. For the MCNP simulations 
we have used newly acquired sapphire cross section libraries[1]. 
McStas on the other hand, uses a semi-analytical formula[2] to 
calculate neutron absorption by sapphire crystals (the relevant 
component file is Sapphire_Filter.comp within the regular McStas 
distribution). 
We performed a series of simulations, reproducing our experimental 
set up,  in order to: a) test the performance of a newly developed 
interface between the two codes‡, b) compare experimental results to 
the sapphire cross sections for MCNP and the semi-analytical 
formula  used by McStas. 
--Fig. 8 shows the comparison between our experimental 
measurements and MCNP simulations. We observe a good agreement 
between the two, particularly in the range 2-6Å and for crystals of 
thickness ≥ 30mm. 
-- Fig. 9 shows the comparison between our MCNP and McStas 
simulations. The agreement is good for crystal thickness < 30mm (up 
to ~4% difference) and it improves for bigger thickness.
References
Figure 8: Comparison of experiments 
(dashed lines) and MCNP simulations 
( s o l i d l i n e s ) o f c o l d n e u t r o n 
transmission through sapphires. 
Different colors correspond to different 
crystal thickness, between 10mm and 
120mm. Experimental values and 
MCNP calculations best agree for 
wavelengths 2-7Å and crystal thickness 
>30mm .
Figure 9: Comparison of McStas 
(dashed lines) and MCNP simulations 
( s o l i d l i n e s ) o f c o l d n e u t r o n 
transmission through sapphires. 
Different colors correspond to different 
crystal thickness, between 10mm  and 
120mm. The agreement is very good for 
crystal thickness >30mm. For smaller 
thicknesses, the difference increases to 
~4%
‡Simulations
Although not shown here, we have used a newly developed MCNP
+McStas interface to reproduce our cold neutron/sapphire 
experiments presented above, in our effort to test the performance of 
the “coupling” interface. The relatively simple geometry of the 
experimental set up, made it a good benchmark for the coupled code. 
We were able to reproduce successfully our experimental results and 
provide thus a validity test of the coupling interface. Check poster by 
Uwe Filges for further details on the topic.
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